viruses [6] . Such mixing is possible due to the presence of two types of receptors (2'-3' and 2'-6' residuals of sialic acid) in the respiratory tract of swine. These receptors are located on the host cell surface and used by influenza viruses to enter sensitive cells. It is thought that a new influenza virus, A(H1N1)pdm, which caused the 2009 pandemic has arisen due to a gene recombination (genetic shift) [7, 8] .
Genetic analysis helped to reveal that some RNA segments of A(H1N1)pdm influenza virus originated from viruses affecting different hosts. The study of genetic changes is very important as evidenced, for example, by a retrospective identification of nucleotide sequence of «Spanish» A(H1N1) influenza virus -the pathogen which caused the 1918 flu pandemic [9] , and intensive use of these sequences in the study of viruses circulating at present. A phylogenetic analysis applied to new influenza isolates allows monitoring the rate and direction of virus variations practically in real time.
Moreover, a comparative analysis of their protein sequences allows revealing the point amino acid replace-ments providing the mechanism of virus adaptation to the human immune system. Sequences of surface antigens -hemagglutinin (HA) and neuraminidase (NA) -are usually used for genetic analyses. A comparative phylogenetic analysis of HA and NA sequences of A(H1N1) pdm influenza viruses circulated in Ukraine during the pandemic 2009-2010 season was the aim of the study.
Materials and methods. Nasal-throat wash outs and biopsy material taken from influenza-affected individuals in different regions of Ukraine during pandemic outbreak were used in the study. In total, 466 samples were analyzed by real-time polymerase chain reaction (RT-PCR) using the AgPath-IDTM One-Step RT-PCR Kit («Ambion», USA) and the AB 7500 Real Time PCR System for the in vitro qualitative detection of influenza viral RNA. For RNA extraction the Instant Virus RNA Kit («Analytik Jena», Germany) was used. We used panel of primers and dual-labeled hydrolysis (Taq Man) probes to InfA, SW InfA, SW H1 and RnaseP, sent us by the Centers for Disease Control and Prevention (CDC, USA). For PCR detection we used CDC protocol of real-time RT-PCR for swine influenza A(H1N1). were selected to perform phylogenetic comparisons. Phylogenetic analysis was performed using MEGA 5 software [10] .
Sequences of pandemic influenza viruses from other countries were received from Genbank (http://www.ncbi. nlm.nih.gov/Genbank) and GISAID resource (http:// platform.gisaid.org/), using BLAST (Basic Local Alignment Search Tool) analysis (http://www.ncbi.nlm.nih. gov/Blast.cgi). Sequences were aligned using ClustalW algorithm with default gap parameters and the «IUB» DNA weight matrix. Phylogenetic trees were built by the neighbor joining method (NJ) [11] applying Kimura 2-parameter model [12] . Evolutional distances were calculated in terms of the number of base substitutions per site. A bootstrap technique with 1000 replications was used to test statistical validity of received data [13] . Nucleotide sequences were translated into amino acid sequences using EMBOSS Transeq translates (http:// www.ebi.ac.uk/Tools/st/emboss_transeq/).
Results and discussion. In this study we compared nucleotide sequences encoding surface antigens of influenza viruses -HA and NA proteins -because they are highly prone to mutation-related changes. High (99 %) similarity of НА and NA genes was observed for viruses isolated on different continents already at the stage of BLAST system-assisted search and was confirmed by the data obtained by other authors [14, 15] . Taking into account a considerable number (exceeding 1000) of available sequences of pandemic influenza viruses, the geographic location and date when the material was sampled from a sick person were chosen as main criteria for search and selection.
In view of the fact that HA of pandemic influenza viruses originated from swine influenza viruses [15] , we selected the sequences of viruses with relatively high similarity to pandemic ones: A/Ohio/01/2007 isolate being 93 % similar; swine influenza viruses -A/swine/ Illinois/1/1975 and A/swine/Ohio/23/1935 having 87 and 83 % similarity, respectively. We also selected the sequence of a classical reference strain of human influenza virus (H1N1) -A/New Caledonia/20/1999 possessing 67 % similarity. The Results of phylogenetic analysis are presented in the form of phylogenetic trees (dendrograms) and given in Fig. 1-4 .
Comparison of hemagglutinin (HA) genes. While comparing HA gene segments it was found that the triple reassortant A/Ohio/01/2007 influenza virus ( Fig.  1 ) isolated from a person suffered from swine influenza is the most similar to the pandemic isolates [7] . HA found in Ohio virus originated from swine influenza viruses in North American region [7, 16] . Influenza viruses isolated from pigs in USA in 1935 and 1975 turned out to be the most dissimilar. The reference strain of seasonal human influenza virus, A/NewCaledonia/20/1999, showed the smallest similarity ( Fig. 1 ) confirming the data obtained by different authors [7, 15, 16] Fig. 1, 2) . The fact that Ukrainian isolates were found in different clusters allows the suggestion that autumn Lviv and Ternopil isolates do not originate from a summer A/Kyiv/N1/2009 isolate, but were brought to Ukraine later. In addition, one may assume that, at least, two genetically different groups of pandemic influenza viruses (H1N1) circulating within the borders of our country were brought by different ways.
While comparing viruses allocated to different clusters it was found that the first cluster was composed of specimens isolated from influenza-affected patients during a prolonged period of time -starting from the first occurrences of pandemic influenza in April 2009 until the fading of its second wave in January 2010. Viruses allocated to the first cluster demonstrated stable genetic sequences and, respectively, stable antigenic properties of the pathogen. The second and third clusters comprising the majority of Ukrainian isolates included viruses isolated during autumn and winter in 2009-2010. They formed the group of A/Lviv/N6/2009 -like viruses, the Ukrainian isolate being selected as a reference strain. The fourth cluster draws attention by the fact that it contains only viruses isolated during AprilJune 2009 (Fig. 2) . These viruses were forced out by their genetically younger «relatives» allocated to clusters 1-3.
The allocation of Ukrainian viruses to two different clusters confirms the imported character of influenza epidemics in Ukraine and effect of air travels on the speed of influenza spread.
When comparing HA amino acid sequences for A(H1N1)pdm influenza viruses it was observed that the replacement of aspartic acid (D) for glycine (G) or glutamic acid (Е) in 222 position, which the severity of disease is associated with, is typical forall viruses from According to the literature sources this mutation facilitates virus replication in lower parts of respiratory tract by increasing the tropism to the corresponding host cell surface receptors [17, 18] . In addition, the S203T replacement is observed in HA amino acid sequence of all Ukrainian isolates and majority of А(H1N1)pdm viruses as well. At the moment, this mutation is not associated with any structural or functional changes except for the site location on the surface of HA globule. The isolates allocated to clusters 1-3 -i. e. all viruses mutated from the oldest fourth cluster -had acquired this mutation. It is reasonable to suggest that this replacement turned out to be beneficial for pandemic influenza viruses.
The comparison of NA genes for pandemic isolates demonstrated that these genes are highly, 99 %, similar to each other. One may observe from the dendrogram (Fig. 3) that the specimen isolated from a swine in Beijing in 2008 (A/swine/Beijing/21/2008) is located closest to pandemic influenza viruses [19] . The position of avian influenza viruses corresponds to the date of their sampling: A/duck/Eastern China/103/2003 virus is located close, while A/chicken/NY/21665-73/1998 virus -at a larger distance demonstrating smaller similarity.
The phylogenetic data presented in Fig. 3 confirm the results of previous study with respect to the origin of NA of pandemic influenza virus from that of avian influenza viruses [7] . All Ukrainian isolates of the 2009-2010 season belonged to pandemic influenza viruses (Fig. 3) .
Similarly to HA genes, the analysis of NA genes was performed using only A/California/07/2009-like isolates. The results of comparison are given in Fig. 4 in the form of a phylogenetic tree. According to the differences in NA sequence, the pandemic viruses were allocated to three clusters. As compared with the results obtained for HA, the third cluster remained isolated while the first and second clusters experienced some regrouping ( Fig. 2 and 4 (Fig. 4) which includes none of the specimens isolated after June 2009.
With regard to the differences in NA sequence, the Ukrainian isolates also were found to be allocated to different clusters. (Fig. 4) .
A/Kyiv/N1/2009 isolate was allocated to the second cluster, together with the viruses isolated in summer of 2009 on the territory of other countries (Fig. 4) . Thus, one may regard this as a confirmation that this virus and Ukrainian isolates allocated to the first cluster were imported to Ukraine by different ways.
NA sequences of isolates allocated to the first and second clusters contain a V106І replacement (valine is replaced by isoleucine) and N248D replacement (aspa- ragine is replaced by aspartic acid). It is interesting that all isolates having V106І and N248D mutations in NA sequence possessed a S203Т mutation in HA sequence as well.
During the last decade, the viruses resistant to the oseltamivir drug (Tamiflu) emerged, this is especially true for viruses of А(H1N1) subtype [20] . Due to the fact that the oseltamivir is a drug of choice when treating influenza, great attention is paid to the study of this resistance phenomenon. A specific H275Y mutation was previously identified in NA gene according to which histidine is replaced by tyrosine. Some data indicate that this mutation is related to the development of oseltamivir resistance [21] . This mutation was identified in the Ukrainian isolates of 2007-2008 season as well (up to 35 %) [22] . The oseltamivir was a drug of choice in disease-specific therapy during the 2009-2010 influenza pandemic [23] . For this reason, the search for a H275Y mutation in sequences of influenza viruses isolated in Ukraine allowed estimation of the sensitivity of the isolates to oseltamivir.
The analysis of NA sequences for pandemic influenza viruses isolated in Ukraine demonstrated that all isolates had histidine amino acid in position 275 and were oseltamivir-sensitive. Among the isolates originating from other countries only two, namely, A/Singapore/ GN285/2009 -from Singapore and A/Ontario/25913/ 2009 -from Canada, had a H275Y mutation within NA sequence (Fig. 4) . They accounted for 9.5 % (standard error of the mean -13.28 %) of the total number of analyzed viruses. Our data confirm the results of other authors with respect to low levels of oseltamivir-resistant pandemic influenza viruses [24] .
Conclusions. A high (99 %) genetic similarity of the Ukrainian isolates to the viruses isolated during pandemic in other countries provides an evidence of the stability of virus population during the first wave of the pandemic in Ukraine. The allocation of Ukrainian viruses to two different clusters points to different ways of their import to Ukraine.
The analysis of amino acid substitutions revealed the D222G/Е and S203T mutations present in HA sequence of the majority of Ukrainian isolates. None of specimens isolated during the pandemic in Ukraine contained the H275Y mutation in NA sequence which relates to the oseltamivir resistance.
